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4. Process Flow 
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The Concept 

A. Before Lamination 




FIG.. 11 



B. After Lamination 
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I /-Original via hole wall 



FIG.- 12 



During lamination, the vacuum 
takes away the air in the gap. 
The heat and lamination force 
pushes the via hole wall in. 
Due to the deformability of the 
bonding sheet, the bonding fills 
in the gap and creates a void free 
structure. 
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Tack lam the bonding sheet onto 
bottom substrate with metal pattern. 



FIG, ^17 
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Metalization 
Pads 
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Laser drill via holes on top of metal pad. 
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Top substrate has metal post and 
depletion phase metal deposited. 



FIG.. 19 




Metal Post 
Depletion Phase 



FIG.. 



Top substrate is aligned to the holes on bottom 
substrate and laminated under pressure, temperature 
and in certain period of time. Because the post is 
anchored by the via hole, the alignment will not be 

shifted by joining process. qq 
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After lamination at suitable temperature for both 
bonding sheet and Transient Liquid Alloy Joints, the 
final structure has a filled via with metal post 
embedded inside intermetallic wall. 
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V. 1 . Illustration depicting general concept 
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FIG.-24 
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ylx— Solder after spreading 
— in contact with chip 
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2. Illustration of close view of solder 
pedastal in contact with chip 
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Shorts between G and V layers due to pin- 
holes and particles in the thin polymide layer. 
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■Photoresist 
-Alumina 



Sputter a layer of Alumina on top of the G layer. 

Coat photoresist and pattern the photoresist. 
Wet etch the Alumina using etchant such as EDTA. 
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Plate the via and strip the photoresist. 
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FIG..29 
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Coat polyimide, and then planarize and expose the vias. 
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FIG..30 




Build V layer. Even if there are pin-holes and particles in the 
polyimide layer, no shorts occur between G and V layers. 
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Coat photoresist and pattern the photoresist. 
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Plate vias, strip resist, and etch seed (if needed). 
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Alumina 
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Deposit alumina (or other type of dielectric materials). 
Deposition processes include CVD, PVD, or sol-gel process. 
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PI 



150 



Coat PI layer and then planarize and expose the vias. 
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Build V layer. Even if there are pin-holes and particles in the 
polyimide layer, no shorts occur between G and V layers. 
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Coat a polyimide layer on top of a substrate. The substrate 
may be pre-treated for later film / substrate separation. Sputter 
Cr-Cu seed, and build up multi-layer circuits. The Cr-Cu seed 
layer is not removed until the film / substrate separation. 
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After film / substrate separation. 
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The polyimide layer is etched away using 
oxygen plasma. The Cr-Cu seed layer serves 
as the stop-layer for the plasma etching. 
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FIG..38 



164 



After wet etch of Cr-Cu seed. 
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Coat a polyimide layer on top of a substrate and sputter Cr- 
Cu seed on top of the polyimide. The substrate nnay be pre- 
treatment for later filnn / substrate separation. The seed is 
etched away after completing the first metal pattern layer. 
Multi-layer circuits are then built. 
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After film / substrate separation. 
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Using laser to open the pads. 
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Flexible film distorted due 
to vacuum holes in chuck 
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^ flexible film and vacuunn chuck 



Vacuum 
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The dielectric layer between V-G layers 
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•Electrical Short 
at Pin-hole 
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Electrical short at pin-hole or particle in thin dielectric. 

FIG..48 



192 192a ^ ^Pin-hole 



Pin-hole in thin dielectric over G layer. 
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' Anodization at pin-holes. 

FIG..50 
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Oxide from anodization prevents electrical shorting at 
pin-holes after deposition of top (V) metal layer. 

FIG..51 
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Traditional process for anisotropic conductive film (ACF) 
connection process for joining two substrate. 
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Traditional process for anisotropic conductive film (ACF) 
^ connection process for joining two substrate. 
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AFC connection after lamination under high pressure 
and high temperature in traditional ACF process. 
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AFC connection after lamination under high pressure 
and high temperature in traditional ACF process. 
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^ Low resistance ACF joints by depositing a thin layer of low 
melting point metal that will form intermetallic compound / 
alloy between post material and conductive particles in ACF. 



300^ 
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After joining process (high pressure and high temperature), 

intermetallic / alloy formed at the interface of post and 
conductive particles. The intermetallic / alloy will decrease 
the contact resistance from traditional ACF process and 
provide a stronger mechanical bond. 
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(High & Yes are preferable) 

-Conformable coverage and Thickness accuracy / uniformity 
-CVD / MLD are superior to Spin Coating 

-Low 8 insulator with strong adhesion 

-MLD may provide high adhesion with the Molecular-Level Controllability 

-Options 

-CVD / MLD can do #Selective Deposition (hydrophilic / hydrophobic surface) 

#Selective Molecular Alignment (surface treatment) 
may provide further e reduction, process simplification, and low Cu-diffusion 
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Process Flow of the Resist-free Electroplated Solder Ref low Process 
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Process Flow of the Resist-free Electroplated Solder Reflow Process 
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Process Flow of the Resist-free Electroplated Solder Reflow Process 
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Process Flow of the Resist-free Electroplated Solder Reflow Process 
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Process Flow of the Resist-free Electroplated Solder Ref low Process 
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Process Flow of the Resist-free Electroplated Solder Ref low Process 

6. Reflow 
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Process Flow of the Resist-free Electroplated Solder Reflow Process 
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Geometric Dimensions of 
the Electroplated Bumps 



Top View 
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Geometric Dimensions of 
the Electroplated Bumps 



Top View 
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Geometric Dimensions of 
the Electroplated Bumps 
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Geometric Dimensions of 
the Electroplated Bumps 
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Geometric Shape Change of Electroplated 
Solder Bumps by Reflow Process 
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Bumps 
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